In a previous report the progress made in altering the in vitro dry matter digestibility (lVDMD) of switchgrass (Panicum oirgatum L.) in one cycle of divergent selection was described. In this study, the detergent system of analyses was used in an attempt to determine what plant constituents had been altered by the selection for IVDMD. Hays from five switchgrass strains differing in IVDMD harvested over a 3-year period were analyzed for protein content, neutral detergent fiber (NDF), acid detergent fiber (ADF), ash, and lignin. Although there were differences (p :s 0.05) among strains for IVDMD as determined by two different procedures (with and without additional N), there were no differences among strains for ADF, ash, lignin, and protein. The strains ranked the same with the two IVDMD procedures but the IVDMD·N (with additional N) test averaged 6.7 percentage points higher in digestibility. There were small differences (p -s 0.1) among strains for NDF in 2 of the 3 years.
The strain with the highest IVDMD had the lowest NDF, suggesting that, in part, the improved IVDMD was due to a decrease in the cell wall component of the harvested forage. Hays ofthree of these strains, high-IVDMD PC, low-IVDMD PC, and 'Path· finder' from the 1980 harvest were ground and fed to sheep to compare in vivo and in vitro digestibilities. After grinding, the hayshad IVDMD-N values of 49.9,45.5, and 46.7%, respectively. There were no differences among strains in the sheep feeding trial for in vivo digestibility, dry matter intake, and fiber digestibility. The in vivo digestibilities for these strains were: high-IVDMDPC 50.4%, low-IVDMD PC 49.0%, and Pathfinder 50.8%. In contrast to a previous report in the literature, the IVDMD-N values were generally similar to in vivo digestibilities for switchgrass hays. Parameters of the conventional detergent system of analyses, while useful in identifying factors responsible for changes in digestibility of switchgrass hays, would probably be of little value as selection criteria in a breeding program. Because of the large number of animals required to obtain statistical significance in in vivo digestibility studies, the IVDMD procedure would be preferable in studies in which breeding material is being evaluated and small differences in digestibility are expected.
Additional index words: Panicum virgatum L., IVDMD, NDF, ADF, Lignin, Forage quality, Protein. S WIT C H G R A SS (Panicum virgatum L.) is a warmseason C 4 grass that is native to the prairies and plains of North America. In a previous report Vogel et al, (1981) described the progress made in altering the in vitro dry matter digestibility (IVDMD) of switchgrass in one cycle of divergent selection. Over the 2 years of their study, the strains with the highest and lowest IVDMD differed by 3.4 percentage units when harvested at heading. These strains were selected from the same Nebraska experimental population and were similar in maturity and forage yield.
In the detergent system of analyses, the neutral detergent fiber (NDF) fraction consists of the cell wall component of the forage, and acid detergent fiber is the cell wall component minus the hemicelluloses (Van Soest and Robertson, 1980) . Lignin and ash contents are self-explanatory. The cell contents, which are the most easily digested components of the forages, are soluble in the neutral detergent solution. Improved digestibility of a forage can be achieved by either decreasing the cell wall component of the forage or increasing the digestibility of the cell wall or both. Both the detergent system of analyses and the IVDMD procedure were developed and evaluated with cool-season C 3 grasses and there is evidence that both sets of procedures are less predictive of animal performance when used to analyze warm-season C 4 grasses (Griffin et al., 1980; Lippke, 1980; Abrams et al., 1981) . In the genus Panicum there are both C 3 and C 4 grasses, and the difference in the anatomical structures of the C 3 and C 4 grasses is reported to be responsible for the higher in vitro digestibilities and lower cell wall content values obtained with the C 3 grasses Akin et al., 1983) . Among the C 4 Panicums, Wilson et al. (1983) found significant differences for leaf dry matter digestibility and cell wall contents. Switchgrass had higher leaf dry matter digestibility than most of the C 4 Panicums evaluated . t NS indicates that the F test in the analyses of variance was not significant at the 0.05 level of probability.
:t: lVDMD = in vitro dry matter digestibility, lVDMD-N is lVDMD with additional N added to the incubation tube; ADF = acid detergent fiber, NDF = neutral detergent fiber.
In a feeding trial with sheep, Griffin et al. (1980) reponed that IVDMD values underestimated the in vivo digestibility of 'Blackwell' switchgrass hay grown in Pennsylvania and fed to sheep by an average of 17 percentage units. Reid et al. (1982) reported that digestible dry matter of switch grass hays is consistently higher with cattle than with sheep.
The purposes of this study were to determine what plant constituents had been altered by divergent selection for IVDMD using the detergent system of analyses (Goering and Van Soest, 1970) , and to compare the IVDMD results with an in vivo digestibility trial with sheep.
MATERIALS AND METHODS
The five switchgrass strains used in this study are listed in Table 1 and were described by Vogel et al. (1981) . The high-and low-IVDMD strains are based on clones selected from the 'ey X ff' population for high or low IVDMD, respectively, PC indicates that the strains were developed by polycrossing rarnets (segments) of selected clones in isolated polycross nurseries while OP indicates that the strain was developed by harvesting open-pollinated seed from the selected clones in the selection nursery. These strains were planted in a replicated sward trial on 18 May 1978 at Mead, NE, as described by Vogel et al. (1981) . In brief, the experimental design was a randomized complete block with seven replications. Plots were 4.3 m long and 1.2 m wide and were separated on the ends by 1.2-m alleys of 'Pathfinder' switchgrass.
The plots were fertilized with approximately 110 kg N ha-1 (NH 4N0 3 ) each year and with 26 kg P ha-1 in 1980.
A trazine [2 -ch loro-4-(ethylamin a )-6-(isopropylam ina)-5triazine] was used for weed control in 1978 and 1979. In 1979 and 1980, DCPA (dimethyl tetrachloroterephthalate) was also used for weed control. Recommended rates were used for the herbicides.
In 1978, the plots were harvested on 5 September when most of the panicles were emerging from the boot. Switchgrass flowers later in the establishment year than in subsequent years. Plots were harvested with a Carter" flail type plot harvester at a cutting height of 10 em. The harvester cut a 0.9-m swath out of the center of each 1.2-m wide plot, chopping the forage into 6-to 12-cm long pieces. The forage from each plot was weighed and then sampled by taking six grab samples which were composited. The composited samples from each plot were used to determine dry matter content and for the laboratory analyses. In 1979, plots were harvested on 23 July when about one-third of the tillers in the nursery had panicles emerging from the boot. The same harvesting procedure was used as in 1978.
In 1980, the harvesting procedure was modified to obtain the hays used in the in vivo study. On 21 July when the switchgrass panicles were emerging from the boot, the Pathfinder alleys and borders were cut with the plot harvester and bagged in large burlap bags. Each plot was then cut in its entirety with the plot harvester, weighed, and sampled using the same procedure as in previous years, and then bagged in large burlap bags. Entire plots were harvested to increase the amount of hay available for the in vivo study. The bagged hay samples were dried at 50°C in forced air dryers. Prior to feeding to sheep, they were ground through a 3.8-cm screen.
In each year of the study, the samples for laboratory analyses were dried in a forced air oven at 65°C and ground in a Wiley mill to pass a l-mrn screen. The samples were analyzed for IVDMD using two different methods. The first method, which we shall designate simply as IVDMD, was essentially the basic Tilley and Terry (1963) procedure ex-cept that HgCl 2 and Na2CO~were not added after the first stage digestion. Rumen fluid was taken from two animals on different diets and bulked on an equal volume basis. One animal was maintained on a low-quality forage while the other was on a high-quality forage. The animals and the specific rations varied from year to year. In 1978 and 1979, duplicate IVDMD analyses were made and the means of both analyses are reported. In 1980, a single analysis was made on each sample. The other IVDMD analysis will be designated as IVDMD-N since additional N (15 mg ureal tube) was added to the digestion fluid. Forage sample size was 300 mg. In the IVDMD-N procedure, rumen fluid was obtained and combined from steers fed alfalfa (Medicago sativa L.) hay or a corn (Zea mays L.) cob diet, strained through four layers of cheese cloth, placed in a warm thermos and transferred to the laboratory. Rumen fluid was diluted I: 1 with artificial saliva (McDougall, 1948) and used for the IVDMD analyses.
The samples were analyzed for crude protein (percent N X 6.25) using the Kjeldahl procedure (A.O.A.C., 1960). The samples were analyzed for neutral detergent fiber (NDF), acid detergent fiber (AD F), lignin (KMn04 procedure), and ash using procedures described by Goering and Van Soest (1970) . Summative equation digestibilities were calculated by the procedure described by Goering and Van Soest (1970) .
In the in vivo study, 24 wether lambs were randomly assigned to the three switchgrass treatments. The lambs were housed in individual crates and during the trial were fitted with fecal collection bags. Fresh water was available at all times and the temperature of the feeding room was maintained at 19°C. Because of the small quantity of hay available from the high-and low-IVDMD PC strains, the sheep were fed the Pathfinder switchgrass hay from the alleysand borders and from the high-and low-IVDMD OP strains for 8 days prior to the initiation of the trial. Pathfinder and the high-and low-IVDMD PC strains were then evaluated in the feeding trial. Treatment hays were fed for 9 days and fecal collections were taken daily the last 6 days ofthe trial. Sheep were fed 800 g ofthe ground switchgrass hay daily. Orts were collected daily, weighed, dried, and composited for fiber and dry matter determinations. Feces were dried in a forced air oven at 60°C for 48 h. Feces and orts were analyzed for fiber using the same techniques used for the forage. Based on fiber analyses of the orts, no sorting of the original forage was observed. In vivo dry matter digestibility, dry matter intake, and fiber digestibility (NDF) were then calculated using standard procedures. The data were analyzed using analyses of variance procedures for a randomized complete block for the individual years and as a split-plot-in-time for the combined analyses.
RESULTS AND DISCUSSION
In each of 3 years of the study there were significant differences among the switchgrass strains for both IVDMD and IVDMD-N (Table I) . The high-IVDMD PC strain was consistently higher in IVDMD and IVDMD-N than the other strains. The strains tended to rank in the order listed for in vitro digestibilityas determined by either method although there were some exceptions. In each year of the study, there were no apparent visual differences among strains for maturity or leafiness; therefore, the observed differences in IVDMD are probably true differences in the digestibility of the forage and are not due to maturity or yield effects. The IVDMD-N values averaged 7.0, There were no significant differences (p -< 0.05) among the strains in any of the three years for percent protein, NDF, ADF, lignin, or ash except for small differences in protein content in 1978 and ash content in 1979. In 1978 and 1980, however, there were differences among strains for NDF at the 0.11 and 0.06 levels of probability, respectively. The NDF LSD o. 1 values for 1978 and 1980 were 1.0 and 1.1, respectively. In the combined analyses over years, there were small differences among strains for NDF (p = 0.06). There were significant differences among strains (p -< 0.05) over years for IVDMD and IVDMD-N but not for any of the other traits. The high-IVDMD PC strain had the lowest NDF and highest IVDMD over the 3-year period. This suggests that the high IVDMD strain is higher in in vitro digestibility at least in part due to a decrease in cell wall contents of its forage. Summative equation digestibilities were higher than either the IVDMD or IVDMD-N values, and they were inconsistent in ranking the strains for digestibility. Thus, in this study, the detergent analysis parameters, except for possibly NDF, did not support the observations based on the IVDMD procedure. Both IVDMD and IVDMD-N values were higher in 1979 than in 1978 or 1980 even though NDF values were higher in 1979 than in the other two years. The low lignin content in 1979 may have been responsible for the higher digestibility for that year, i.e., the cell walls may have been more digestible.
The hay that was fed to the sheep was ground before feeding to reduce selectivity and hay wastage since the amount of hay available for the trial was limited. The IVDMD-N values after grinding (Table  2) were lower than those prior to grinding (Table 1 , 1980 data) possibly due to leaf loss during grinding. The high-IVDMD strain, however, was still 3 and 4 percentage units higher in IVDMD-N than the low-IVDMD PC and Pathfinder strains, respectively. Although the high-IVDMD strain had numerically higher in vivo digestibility, dry matter intake and fiber digestibility than the low IVDMD strain, these differences were not significant ( Table 2 ). The differences among strains in IVDMD-N did not result in significant differences in in vivo digestibility under the conditions of this feeding trial. Our results do indicate that the IVDMD-N values are approximately the same as the in vivo digestibilities obtained with sheep. This is in agreement with the results of McLeod and Minson (1969) with other warm-season grasses but differs from the results of Griffin et al. (1980) on switchgrass.
In summary, both IVDMD procedures could probably be used to rank switchgrass hays for digestibility. The IVDMD-N values are more representative of the in vivo values obtained with sheep. Parameters of the conventional detergent system of analyses, while useful in identifying the factors responsible for changes in the digestibility of switchgrass hays, would probably be of little value in identifying switchgrass genotypes with improved digestibilities in a breeding program. Because of the large number of animals required to obtain statistical significance in in vivo studies, the IVDMD procedure would be preferable in studies for which breeding material is being evaluated and small differences in digestibility are expected.
